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Abstract
Background: Overt bleeding associated with low dose aspirin (LDA) is well-recognized, little attention is given to
the possibility of association between LDA and occult bleeding, although this is known to occur in healthy
volunteers. LDA is used increasingly in primary and secondary prevention of a number of medical conditions, many
of which are common in older people, as is anemia. Anemia in older people is associated with adverse outcomes
including disability, morbidity and mortality. The purpose of this study was to review the evidence that LDA might
cause anemia without overt bleeding.
Methods: An extensive narrative review was carried out. Electronic searching (including database links) and
reference lists of reports were used to identify studies reporting on use of aspirin ≤325 mg/day and anemia or
change in hemoglobin (Hb) without overt bleeding. Data were extracted from reports of trials, adverse drug
reactions (ADRs) and prevalence studies of adults aged ≥18 years, published since 1980.
Results: There are few relevant data, with considerable heterogeneity among trial designs, duration, and patient
characteristics in studies of LDA. In five randomised trials (n = 5879) in (mostly secondary) prevention, the majority
of patients were men without peptic ulcer disease aged 50-70 years and no consistent association between LDA
and change in Hb was found. In two smaller studies (n = 609) of primary prevention in healthy patients aged ≥70
years, there was a small but statistically significant fall in Hb with LDA. Observational studies, and data from trials in
which use of LDA was not a primary focus of the study, were inconclusive.
Conclusions: It is not clear whether there is an association between LDA and anemia in the absence of overt
bleeding, but there may be an association between LDA and fall in Hb in (a subset of) older patients. The available
evidence has significant limitations, which are discussed; studies including more older patients, and publication of
individual patient data, would help clarify this important matter.
Background
Low dose aspirin (LDA) is taken by an increasing num-
ber of people for prophylaxis in a widening variety of
medical conditions, including cardio- and cerebrovascu-
lar disease, dementia, and some malignancies. Many of
these conditions are common, particularly in older peo-
ple, and changes in demographics (with increasing life
expectancy and higher numbers of older people) mean
that there is potential for many more older people to
take LDA. Improved chance of survival for patients with
some of these conditions (after myocardial infarction,
for instance) contribute to increased life expectancy, and
indeed, may result partly from the use of LDA as pro-
phylaxis. The place of LDA is not yet fully identified,
particularly in primary prophylaxis in some conditions.
Furthermore, evidence obtained from studies on
younger people may not be applicable to older patients.
Although there have been many studies reporting on
overt gastrointestinal bleeding as a primary or secondary
outcome of interest [1,2], little attention has been given
to the possibility that LDA use may be complicated by
occult bleeding, possibly leading to anemia. There is
some evidence from experimental studies that LDA is
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healthy young volunteers [3].
Anemia is common in older people [4,5]. It may be
asymptomatic, but it is associated with increases in mor-
tality [6-9], morbidity (in a number of conditions) [4],
falls [10,11] and disability [12-14], as well as deterioration
in cognitive function [15-17]. Even mildly low Hb levels
(above the WHO criteria for anemia, Hb < 130 g/L in
men and <120 g/L in women [18]) have been found to be
associated with significant decline in quality of life in
older people [19].
There are other implications beyond the wellbeing of
individuals, particularly for costs of health care for an
ageing population. Because of the importance of anemia
and the uncertainty as to whether taking LDA has a
clinically significant effect on Hb (other than in the con-
text of overt bleeding), we carried out a review to exam-
ine whether there is any evidence of an association
between use of LDA and anemia.
Methods
We searched for evidence from systematic reviews, ran-
domised trials, observational studies of clinical practice
and epidemiological data in several areas:
1. Evidence of changes in Hb during treatment with
LDA in randomized trials, where LDA was used as
either primary treatment or as a comparator drug.
In trials where LDA was used both alone and in
combination with another antiplatelet drug (or with
an anticoagulant), data were extracted from the trial
arm in which LDA alone was used.
2. Evidence from randomized trials in which change
in Hb or anemia was reported as an adverse event
(ADR) occurring in patients treated with LDA (or
evidence that no such ADR had occurred).
3. Evidence from prevalence studies, including data
on LDA prescribing and prevalence of anemia (and/
or Hb) in different clinical situations.
We considered data from studies on adults in which
LDA was used either in primary or secondary preven-
tion, with a maximum dose of 325 mg/day. Data on
overt/acute bleeding episodes were excluded. We noted
authors’ definitions of anemia where this differed from
the WHO criteria. We also noted data on co-morbidities
and exclusions from studies.
Several different search strategies were used to find
full publications of studies relating to these outcomes.
These were predominantly free-text searches of
PubMed, EMBASE (accessed through the Ovid inter-
face), and the Cochrane Library, to November 2009,
including, but not limited to, aspirin, acetylsalicylic, an
(a)emia, h(a)emoglobin, h(a)ematocrit, prophylaxis,
adverse. We also carried out searches using additional
search terms such as cardiovascular, dementia, cancer.
A specimen search strategy is shown (in Additional file
1: Specimen search strategy). The sensitivity of electro-
nic databases for observational studies is known not to
be high [20,21], so bibliographies of papers, reviews and
“linked articles” in PubMed were extensively searched
for references to clinical and other potentially relevant
studies.
Any study that might have contributed was obtained
in full and read. For inclusion, the only criterion was
that of full publication; abstracts or posters were not
accepted. Formal quality scoring of included studies was
not considered feasible because of the likely mix of
systematic reviews, randomised trials, and observational
studies. Because of the problems in searching for data
on events that were often not considered as primary,
secondary or even adverse event outcomes, and the
enormous number of reports that could potentially con-
tain relevant data, we did not feel able to call this review
systematic. We consider it to be an extensive narrative
review. There was no pooling of data; no statistical
methods were planned, and none used.
Results
1. Clinical trials
There were seven randomised trials (six double blind
and placebo controlled) in which LDA was used at
d o s e so f5 0m gt o3 2 4m gd a i l ya n dH bo rr e l a t e d
hematological data were reported as primary or second-
ary outcomes [22-28]. Study details and results are
shown in Additional file 2 (Additional file 2: Trial data:
LDA as either primary treatment or as comparator
drug). Relevant data were available from 6488 patients.
Trial duration varied between 12 weeks and six years
although the nature of some of the trials was such that
there were few data available from patients at longer
durations of treatment because of withdrawals.
The trials fell into two groups. In five studies of LDA
in (mostly secondary) prevention of cardio- and/or cere-
brovascular disease [22,23,25-27] the majority of the
5879 patients were men aged 50-70 years old, and mean
baseline Hb was between 133 and 151 g/L [25-27].
Reported co-morbidities were similar and of the sort
that might be expected (such as hypertension), and half
were current or ex-smokers. Peptic ulcer disease and
severe co-morbid illness were commonly excluded. In
two studies [22,23] falls in Hb or Hct after baseline
were reported in patients taking LDA and in those tak-
ing placebo. There was no significant difference between
results from the treatment and placebo arms in either
study. Mean Hb in both the LDA and placebo arms did
not change in the first year after baseline, but fell in the
second year of a large study [26,29,30]. Unfortunately,
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changes in mean Hb or Hct from baseline to one or two
years in each group, or of differences between the mean
Hb or Hct in the two groups at a particular time. How-
ever, the samples are large, and it is possible that the
fall in Hb seen in both groups over the second year
might be statistically significant even though it is small.
A significant rise in Hb at 3 months after baseline was
reported from a small study in which LDA was used as
a comparator drug (no placebo arm), with a similar
value at 4 years [27]. Very small rises in Hb (not statisti-
cally significant) were also reported in another study
[25,31], with no significant difference between results
from treatment and placebo arms; however, the magni-
tude of the standard errors suggest that the underlying
distributions of the data may have been skewed.
In two smaller studies [24,28], enteric coated (ec)
aspirin 100 mg was prescribed for primary prevention of
cardio- or cerebrovascular disease in 609 patients aged
70 or older, with similar numbers of men and women.
Patients included in these two studies had similar mean
baseline Hb (142 and 140 g/L respectively), were in
good general health, and 24% [24] and 44% [28] were
current or ex-smokers. In both of these studies there
was a statistically significant fall in Hb at one year com-
pared with baseline in the LDA arms of the trials, but
not in the placebo groups; there were also statistically
significant differences in Hb between LDA and placebo
groups at one year in both studies. One study [24]
reported the percentage of patients in whom Hb fell by
10 g/L or more, and here too there was a statistically
significant difference between the LDA and placebo
groups, although there was no significant difference
between the two groups with respect to the percentage
of patients with any fall in Hb over one year.
2. Anemia or change in Hb reported as an ADR
Relevant adverse event data (fall in Hb or Hct, or ane-
mia) were available from several studies [32-38] in
which LDA at doses of 75-325 mg daily was used. There
was considerable heterogeneity among the study designs.
The timing of adverse events was not reported and
where anemia was reported, the criteria for diagnosis
w e r en o ts t a t e de x p l i c i t l y .S t udy details and results are
shown in Additional file 3 (Additional file 3: ADR data:
LDA as either primary treatment or as comparator
drug).
The prevalence of relevant adverse events ranged
between 0% and 4.4%. In one study [37] anemia (defined
using a probable criterion of only Hb <90 g/L [39])
occurred less frequently in patients taking LDA at a
dose of less than 162 mg daily than in those taking LDA
162-325 mg daily, 70 patients (3.0%) versus 97 patients
(4.4%) (p = 0.011).
3. Prevalence studies
We found data on prevalence of LDA prescribing and
anemia (or Hb levels) in three studies in community set-
tings [40-42], noted as patient characteristics in three
studies of treatment of cardiovascular disease in older
patients [43-45], and in four studies in secondary care in
patients considered for investigation of anemia [46-49].
The majority of the data were from older patients.
Study details and results are shown in Additional file 4
(Additional file 4: Prevalence data: LDA use in various
settings).
Prevalence studies- community settings
T h ep r e v a l e n c eo fL D Ap r e s c r i p t i o ni nap r i m a r yc a r e
population and the mean change in Hb over time (in
the absence of overt bleeding) were observed [40].
There was a statistically significant fall from baseline in
mean Hb in the men and a rise (not statistically signifi-
cant) in mean Hb in the women over a mean period of
25 months. Related data from small subgroups of
patients were also reported, including the observation
that mean Hb fell by over 10% in 15% of older patients
taking LDA. Cross sectional data from two cohort stu-
dies [41,42] of similar characteristics showed no statisti-
cally significant independent effect of LDA on Hb [41]
and a slightly higher Hb (and lower prevalence of ane-
mia as defined by WHO criteria) in LDA users than in
non-users [42].
Prevalence studies - data from patient characteristics in
three studies of treatment of cardiovascular disease
Data on aspirin use (probably LDA) and Hb are reported
from sub-analyses in studies on the outcomes of treat-
ments of chronic stable angina [45] and chronic heart
failure (CHF) [43]. One study found no difference in the
prevalence of aspirin (probably LDA) prescription in ane-
mic and non-anemic patients, anemia being defined by
WHO criteria [45], but in another study [43] mean Hb
was slightly lower in aspirin users compared with non-
users (the difference was statistically significant).
The relationship between prior aspirin use and out-
comes was examined in a very large study of almost
119,000 patients admitted to hospital with acute myo-
cardial infarction [44]. Aspirin use before admission was
associated with a small but statistically significant higher
mean Hb; dose and duration of aspirin use were not
known, but it was likely to have been LDA for most
patients.
Prevalence studies- data from secondary care
Several studies of patients referred to secondary care for
assessment of iron deficiency anemia (IDA) have reported
aspirin use as a patient characteristic [46-48]; unfortu-
nately none of these studies had assessment of a relation-
ship between aspirin consumption and Hb/iron status as a
primary outcome. Aspirin was taken by 25-29% of patients
who had no symptoms that suggested a cause for IDA
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were taking aspirin, but in a subgroup (53%) in which no
cause of IDA was found, 41% were taking aspirin, while
the prevalence of regular aspirin prescription among
patients of similar age in the same catchment area as
those referred for investigation of IDA was 11% [46].
Although these are very small studies with limited infor-
mation reported on indications for aspirin prescription,
aspirin dosage, duration of consumption, co-morbidities
and other possibly relevant medication (such as NSAIDs),
it is likely that the patients in all these studies took aspirin
for prophylaxis rather than as analgesics.
In a more recent prospective study [49] of investiga-
tion of IDA in patients admitted as inpatients to general
medical services (apart from admissions for acute GI
bleeds), mean Hb and prevalence of LDA prescription
were reported with other related data. There was no
information on prevalence of LDA prescribing in the
catchment area from which the hospital received its
acute admissions.
Discussion
The most striking observation is that there is so little
relevant information on possible covert effects on Hb
with such a commonly prescribed drug as aspirin,
despite its well-known propensity to cause significant
overt gastrointestinal bleeds in some patients. We are
aware of the difficulties in identifying all relevant data,
(particularly from studies other than trials of LDA in
which change in Hb was a primary outcome) but, given
the small amount of such trial data available, feel that it
is appropriate to present the additional data that we
have found, despite their potential limitations. The rele-
v a n ta v a i l a b l ed a t a( f r o maw i d er a n g eo ft y p e so fs t u d y
and outcomes) show no consistent association between
LDA and anemia. While some studies indicated that Hb
levels were reduced with LDA, others showed no
change, or even suggested a higher Hb level. Anemia,
however defined, was not consistently associated with
a s p i r i nu s e .W eb e l i e v et h a tt h e r ea r ean u m b e ro ff a c -
tors relevant both to the lack of data, and to the inter-
pretation of what data are available.
The limited trial evidence shows that there is either
no effect of LDA on mean Hb, or a very small effect but
with considerable variability compared to the effect size.
However the trial data should be interpreted with cau-
tion; there is considerable clinical heterogeneity among
the studies (indication for LDA, dose of LDA, age of
participants, duration of trial, data collected, exclusions,
and co-morbidities), making it difficult to draw any firm
conclusions on the effect of LDA on Hb in the absence
of overt bleeding. The majority of trial data comes from
men aged 50-70 years with cardio- and/or cerebrovascu-
lar disease, including a high proportion of smokers.
There are very small amounts of trial data on LDA and
Hb in primary prevention in healthy older patients, and
it is not reassuring to find that the trial evidence avail-
able suggests that in these patients LDA is associated
with a fall in Hb, at least when taken for one year
[24,28]. We lack information on other groups, in parti-
cular on secondary prevention in older people, whether
fit or frail. Conditions where LDA prescription may be
appropriate are common in older people and many clin-
icians will recognize the common scenario of having to
decide on prescribing LDA for secondary prevention in
a mildly anemic elderly patient.
Exclusions, withdrawals from trials, and compliance
issues may have had an important impact on the results.
The trial data largely precede the widespread use of pro-
ton pump inhibitors (PPIs) or Helicobacter pylori eradi-
cation therapy; patients with a history of peptic ulcer
were excluded from trials of LDA, and the results of
these trials may not be readily applicable to patients who
take PPI drugs with LDA. There is little formal reporting
of reasons for withdrawal from these trials (except where
withdrawal occurred because a pre-determined end-point
was reached, such as a cardio- or cerebrovascular event
in trials where LDA was used for secondary prevention),
but aspirin intolerance associated with upper gastro-
intestinal symptoms is common. If such symptoms are
associated in some patients with occult bleeding suffi-
cient to cause a fall in Hb, there is potential for bias in
trial results if affected participants withdraw from a trial.
There might be similar bias with (lack of) compliance
with LDA [50]. A large Scottish study of patients (mostly
aged 60 or more) showed that compliance at a year was
less than 50% [51].
Many patients taking LDA have co-morbidities which
themselves may be relevant to the development of ane-
mia (chronic heart failure would be one example). Such
co-morbidities, and drugs used to treat them, make it
more difficult to identify effects on Hb specific to LDA.
In particular, not all studies indicated whether patients
taking NSAIDs were excluded, and possible effects of
even short term or intermittent NSAID use in a longer-
term study are difficult to evaluate.
In studies where Hb is recorded during acute illness,
the timing of blood sampling can be critical because Hb
can vary during acute illness [27,52]. This phenomenon
is relevant to trials on LDA in secondary prevention
where baseline Hb data were used, and similarly in trials
on other drugs or interventions where data on Hb and
prevalence of LDA use were reported as baseline charac-
teristics. Moreover, there are also potentially significant
diurnal [53] and day-to-day [54] changes in Hb and Hct.
Much used for over a century, in the last twenty years
aspirin has been prescribed for many new indications, and
at progressively smaller doses. Because of this history, its
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temporary criteria necessary for licensing a new drug. Per-
haps familiarity has bred complacency over associated
ADRs. ADRs are difficult to study, are often incompletely
reported, and reports of ADRs may not be readily found
in databases [55]. It is particularly hard to identify ADRs
where the event rate is low and the background rate is not
known, and even harder where the ADRs are not clinically
obvious. Acute gastrointestinal bleeds severe enough to
require hospital admission are, of course, obvious (and
relatively easy to count). A gradual fall in Hb or recurrent
small bleeds over a long period might not be obvious to
the patient or to health professionals, as the effects can be
subtle and non-specific (such as increased tiredness) or
indirect (for instance worse prognosis in CHF). Develop-
ment of anemia may well be, by nature, insidious and diffi-
cult to identify without serial blood sampling. And LDA
might affect Hb other than by causing bleeding from the
GI tract (for instance, it has been suggested that LDA
might act as an anti-inflammatory drug, tending to
increase Hb). Individuals might well differ in their suscept-
ibility to such effects. A clinically significant effect in a
small subgroup of patients may not be readily apparent
from inspection of mean values for the group as a whole.
If, say, LDA caused occult bleeding in a subgroup of 5% of
patients such that their Hb fell by 20 g/L and the remain-
ing 95% had no change in Hb, the mean change for the
group as a whole would only be 1 g/L.
Individual patient data could be particularly helpful to
identify patterns of changes in Hb; some patients might
have small amounts of occult gastrointestinal bleeding
which occurs from time to time, or they might have
persistent bleeding. Sequential measurement of Hb in
individuals would be necessary to find out, but appropri-
ate controls would be required as Hb tends to fall in
older age [56-59]. (Increasing knowledge of the pro-
cesses underlying the development of anemia in older
people [60,61] may well be of significance for under-
standing possible effects on Hb due to LDA.) If indeed
LDA is significantly associated with falls in Hb, it would
be very useful to identify characteristics that make
patients potentially more vulnerable - frailty and specific
co-morbidities are obvious candidates. The current posi-
tion of LDA in secondary prevention in cardio- and cer-
ebrovascular disease mean that it is unlikely that in
future, trials will be run with LDA compared to placebo,
but there might be opportunities in studies in primary
prevention (as in the ASPREE trial in progress [28]) or
where LDA is used for other conditions.
Conclusions
It is not clear whether there is a clinically significant
effect of LDA on Hb in adults in the absence of overt
bleeding, but the limited evidence available at present
cannot rule this out and suggests that it may be a pro-
blem in older people, or a subset of them. This is an
important issue because of the expanding use of LDA
by older people and the associations between anemia
and impaired function and quality of life, morbidity and
mortality.
Note added in proof
Since the revised, peer reviewed version of this paper
was submitted, another observational study has been
published (Al-Azzam SI, AlMahasneh F, Mhaidat N,
Alzoubi KH, Khader YS: Prophylactic use of aspirin
does not induce anaemia among adults. J Clin Pharm
Ther 2010, 35:415-419.) The results of this study are
consistent with those of some other observational stu-
dies which are included in the review, and do not affect
our conclusions.
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comparator drug. Details of studies and results where anemia or
change in Hb reported as an ADR
Additional file 4: Prevalence data: LDA use in various settings.
Details of studies and results of prevalence of LDA prescribing and
anemia
Abbreviations
Hb: Hemoglobin; Hct: Hematocrit; WHO: World Health Organization.
Acknowledgements
RAM is funded by NIHR Biomedical Research Centre Programme.
Author details
1Department of Clinical Geratology, John Radcliffe Hospital, Headington,
Oxford, OX3 9DU, UK.
2Pain Research, Nuffield Department of Anaesthetics,
University of Oxford, Churchill Hospital, Oxford, OX3 7LJ, UK.
Authors’ contributions
HG initiated the study and performed searches and primary data extraction,
aided by SD and RAM. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 17 February 2010 Accepted: 29 September 2010
Published: 29 September 2010
References
1. Derry S, Loke YK: Risk of gastrointestinal haemorrhage with long term
use of aspirin: meta-analysis. BMJ 2000, 321:1183-1187.
2. McQuaid KR, Laine L: Systematic review and meta-analysis of adverse
events of low-dose aspirin and clopidogrel in randomized controlled
trials. Am J Med 2006, 119:624-638.
3. Moore RA, Derry S, McQuay HJ: Faecal blood loss with aspirin,
nonsteroidal anti-inflammatory drugs and cyclo-oxygenase-2 selective
Gaskell et al. BMC Geriatrics 2010, 10:71
http://www.biomedcentral.com/1471-2318/10/71
Page 5 of 7inhibitors: systematic review of randomized trials using autologous
chromium-labelled erythrocytes. Arthritis Res Ther 2008, 10:R7.
4. Beghé C, Wilson A, Ershler WB: Prevalence and outcomes of anemia in
geriatrics: a systematic review of the literature. Am J Med 2004,
116(Suppl 7A):3S-10S.
5. Gaskell H, Derry S, Andrew Moore R, McQuay HJ: Prevalence of anaemia in
older persons: systematic review. BMC Geriatr 2008, 8:1.
6. Izaks GJ, Westendorp RG, Knook DL: The definition of anemia in older
persons. JAMA 1999, 281:1714-1717.
7. Zakai NA, Katz R, Hirsch C, Shlipak MG, Chaves PH, Newman AB,
Cushman M: A prospective study of anemia status, hemoglobin
concentration, and mortality in an elderly cohort: the Cardiovascular
Health Study. Arch Intern Med 2005, 65:2214-2220.
8. Culleton BF, Manns BJ, Zhang J, Tonelli M, Klarenbach S, Hemmelgarn BR:
Impact of anemia on hospitalization and mortality in older adults. Blood
2006, 107:3841-3846.
9. Chaves PH, Xue QL, Guralnik JM, Ferrucci L, Volpato S, Fried LP: What
constitutes normal hemoglobin concentration in community-dwelling
disabled older women? J Am Geriatr Soc 2004, 52:1811-1816.
10. Penninx BW, Pluijm SM, Lips P, Woodman R, Miedema K, Guralnik JM,
Deeg DJ: Late-life anemia is associated with increased risk of recurrent
falls. J Am Geriatr Soc 2005, 53:2106-2111.
11. Dharmarajan TS, Avula S, Norkus EP: Anemia increases risk for falls in
hospitalized older adults: an evaluation of falls in 362 hospitalized,
ambulatory, long-term care, and community patients. J Am Med Dir Assoc
2006, 7:287-293.
12. Penninx BW, Pahor M, Cesari M, Corsi AM, Woodman RC, Bandinelli S,
Guralnik JM, Ferrucci L: Anemia is associated with disability and
decreased physical performance and muscle strength in the elderly.
J Am Geriatr Soc 2004, 52:719-724.
13. Semba RD, Guralnik JM, Chaves P, Ricks MO, Fried LP: Women’s Health and
Aging Studies: Iron status and anemia in a population-based study of
women with and without disability living in the community: the
Women’s Health and Aging Studies. Haematologica 2004, 89:357-358.
14. Patel KV, Harris TB, Faulhaber M, Angleman SB, Connelly S, Bauer DC,
Kuller LH, Newman AB, Guralnik JM: Racial variation in the relationship of
anemia with mortality and mobility disability among older adults. Blood
2007, 109:4663-4670.
15. Atti AR, Palmer K, Volpato S, Zuliani G, Winblad B, Fratiglioni L: Anaemia
increases the risk of dementia in cognitively intact elderly. Neurobiol
Aging 2006, 27:278-284.
16. Denny SD, Kuchibhatla MN, Cohen HJ: Impact of anemia on mortality,
cognition, and function in community-dwelling elderly. Am J Med 2006,
119:327-334.
17. Zamboni V, Cesari M, Zuccalà G, Onder G, Woodman RC, Maraldi C,
Ranzini M, Volpato S, Pahor M, Bernabei R: Anemia and cognitive
performance in hospitalized older patients: results from the GIFA study.
Int J Geriatr Psychiatry 2006, 21:529-534.
18. World Health Organisation: Nutritional anemia: report of a WHO Scientific
Group. Geneva, Switzerland: World Health Organisation 1968.
19. Thein M, Ershler WB, Artz AS, Tecson J, Robinson BE, Rothstein G, Liede A,
Gylys-Colwell I, Lu ZJ, Robbins S: Diminished quality of life and physical
function in community-dwelling elderly with anemia. Medicine (Baltimore)
2009, 88:107-114.
20. Lemeshow AR, Blum RE, Berlin JA, Stoto MA, Colditz GA: Searching one or
two databases was insufficient for meta-analysis of observational
studies. J Clin Epidemiol 2005, 58:867-873.
21. Ruppen W, Derry S, McQuay H, Moore RA: Incidence of epidural
hematoma, infection, and neurologic injury in obstetric patients with
epidural analgesia/anesthesia. Anesthesiology 2006, 105:394-399.
22. Lewis HD Jr, Davis JW, Archibald DG, Steinke WE, Smitherman TC,
Doherty JE 3rd, Schnaper HW, LeWinter MM, Linares E, Pouget JM,
Sabharwal SC, Chesler E, DeMots H: Protective effects of aspirin against
acute myocardial infarction and death in men with unstable angina.
Results of a Veterans Administration Cooperative Study. N Engl J Med
1983, 309:396-403.
23. Farrell B, Godwin J, Richards S, Warlow C: The United Kingdom transient
ischaemic attack (UK-TIA) aspirin trial: final results. J Neurol Neurosurg
Psychiatry 1991, 54:1044-1054.
24. Silagy CA, McNeil JJ, Donnan GA, Tonkin AM, Worsam B, Campion K:
Adverse effects of low-dose aspirin in a healthy elderly population. Clin
Pharmacol Ther 1993, 54:84-89.
25. Meade TW, Howarth DJ, Brennan PJ: Effects of low intensity
antithrombotic regimes on the haemoglobin level. Thromb Haemost
1994, 71:284-285.
26. Diener HC, Forbes C, Riekkinen PJ, Sivenius J, Smets P, Lowenthal A:
European Stroke Prevention Study 2: Efficacy and safety data: the ESPS
2 group. J Neurol Sci 1997, 151(Suppl):S1-61.
27. Hurlen M, Eikvar L, Seljeflot I, Arnesen H: Occult bleeding in three different
antithrombotic regimes after myocardial infarction. A WARIS-II subgroup
analysis. Thromb Res 2006, 118:433-438.
28. Nelson MR, Reid CM, Ames DA, Beilin LJ, Donnan GA, Gibbs P, Johnston CI,
Krum H, Storey E, Tonkin A, Wolfe R, Woods R, McNeil JJ: Feasibility of
conducting a primary prevention trial of low-dose aspirin for major
adverse cardiovascular events in older people in Australia: results from
the ASPirin in Reducing Events in the Elderly (ASPREE) pilot study. Med J
Aust 2008, 189:105-109.
29. Bertrand-Hardy JM, Cunha L, Forbes C, Hoeven C, Hogenhuis L,
Lowenthal A, Pathy J, Sivenius J, Smets P, Welbers I: European Stroke
Prevention Study 2: Baseline data. J Neurol Sci 1995, 131(Suppl):1-58.
30. Diener HC, Cunha L, Forbes C, Sivenius J, Smets P, Lowenthal A: European
Stroke Prevention Study 2. Dipyridamole and acetylsalicylic acid in the
secondary prevention of stroke. J Neurol Sci 1996, 143:1-13.
31. Meade TW, Roderick PJ, Brennan PJ, Wilkes HC, Kelleher CC: Extra-cranial
bleeding and other symptoms due to low dose aspirin and low intensity
oral anticoagulation. Thromb Haemost 1992, 68:1-6.
32. Meister W, von Schacky C, Weber M, Lorenz R, Kotzur J, Reichart B,
Theisen K, Weber PC: Low-dose acetylsalicylic acid (100 mg/day) after
aortocoronary bypass surgery: a placebo-controlled trial. Br J Clin
Pharmacol 1984, 17:703-711.
33. Wallentin LC, the Research Group on Instability in Coronary Artery Disease
in Southeast Sweden: Aspirin (75 mg/day) after an episode of unstable
coronary artery disease: long-term effects on the risk for myocardial
infarction, occurrence of severe angina and the need for
revascularization. J Am Coll Cardiol 1991, 18:1587-1593.
34. Scrutinio D, Cimminiello C, Marubini E, Pitzalis MV, Di Biase M, Rizzon P:
Ticlopidine versus aspirin after myocardial infarction (STAMI) trial. JA m
Coll Cardiol 2001, 37:1259-1265.
35. Johnson WC, Williford WO: Department of Veterans Affairs Cooperative
Study #362: Benefits, morbidity, and mortality associated with long-term
administration of oral anticoagulant therapy to patients with peripheral
arterial bypass procedures: a prospective randomized study. J Vasc Surg
2002, 35:413-421.
36. Matías-Guíu J, Ferro JM, Alvarez-Sabín J, Torres F, Jiménez MD, Lago A,
Melo T, TACIP Investigators: Comparison of triflusal and aspirin for
prevention of vascular events in patients after cerebral infarction: the
TACIP Study: a randomized, double-blind, multicenter trial. Stroke 2003,
34:840-848.
37. Aronow HD, Califf RM, Harrington RA, Vallee M, Graffagnino C, Shuaib A,
Fitzgerald DJ, Easton JD, Van de Werf F, Diener HC, Ferguson J,
Koudstaal PJ, Amarenco P, Theroux P, Davis S, Topol EJ: Relation between
aspirin dose, all-cause mortality, and bleeding in patients with recent
cerebrovascular or coronary ischemic events (from the BRAVO Trial). Am
J Cardiol 2008, 102:1285-1290.
38. Yeomans N, Lanas A, Labenz J, van Zanten SV, van Rensburg C, Rácz I,
Tchernev K, Karamanolis D, Roda E, Hawkey C, Nauclér E, Svedberg LE:
Efficacy of esomeprazole (20 mg once daily) for reducing the risk of
gastroduodenal ulcers associated with continuous use of low-dose
aspirin. Am J Gastroenterol 2008, 103:2465-2473.
39. Topol EJ, Easton JD, Amarenco P, Califf R, Harrington R, Graffagnino C,
Davis S, Diener HC, Ferguson J, Fitzgerald D, Shuaib A, Koudstaal PJ,
Theroux P, Van de Werf F, Willerson JT, Chan R, Samuels R, Ilson B,
Granett J: Design of the blockade of the glycoprotein IIb/IIIa receptor to
avoid vascular occlusion (BRAVO) trial. Am Heart J 2000, 139:927-933.
40. Leibovici A, Lavi N, Wainstok S, Herman J, Greene VW: Low-dose
acetylsalicylic acid use and hemoglobin levels. Effects in a primary care
population. Can Fam Physician 1995, 41:64-68.
41. Milman N, Pedersen AN, Ovesen L, Schroll M: Iron status in 358 apparently
healthy 80-year-old Danish men and women: relation to food
Gaskell et al. BMC Geriatrics 2010, 10:71
http://www.biomedcentral.com/1471-2318/10/71
Page 6 of 7composition and dietary and supplemental iron intake. Ann Hematol
2004, 83:423-429.
42. Hammerman-Rozenberg R, Jacobs JM, Azoulay D, Stessman J: Aspirin
prophylaxis and the prevalence of anaemia. Age Ageing 2006, 35:514-517.
43. Sharma R, Francis DP, Pitt B, Poole-Wilson PA, Coats AJ, Anker SD:
Haemoglobin predicts survival in patients with chronic heart failure: a
substudy of the ELITE II trial. Eur Heart J 2004, 25:1021-1028.
44. Portnay EL, Foody JM, Rathore SS, Wang Y, Masoudi FA, Curtis JP,
Krumholz HM: Prior aspirin use and outcomes in elderly patients
hospitalized with acute myocardial infarction. J Am Coll Cardiol 2005,
46:967-974.
45. Muzzarelli S, Pfisterer M, TIME Investigators: Anemia as independent
predictor of major events in elderly patients with chronic angina. Am
Heart J 2006, 152:991-996.
46. Black DA, Fraser CM: Iron deficiency anaemia and aspirin use in old age.
Br J Gen Pract 1999, 49:729-730.
47. Luman W, Ng KL: Audit of investigations in patients with iron deficiency
anaemia. Singapore Med J 2003, 44:504-510.
48. Niv E, Elis A, Zissin R, Naftali T, Novis B, Lishner M: Iron deficiency anemia
in patients without gastrointestinal symptoms–a prospective study. Fam
Pract 2005, 22:58-61.
49. Ioannou GN, Spector J, Rockey DC: Predictors of endoscopic and
laboratory evaluation of iron deficiency anemia in hospitalized patients.
South Med J 2007, 100:976-984.
50. Cuisset T, Frere C, Quilici J, Gaborit B, Bali L, Poyet R, Faille D, Morange PE,
Alessi MC, Bonnet JL: Aspirin noncompliance is the major cause of
“aspirin resistance” in patients undergoing coronary stenting. Am Heart J
2009, 157:889-893.
51. Morant SV, McMahon AD, Cleland JG, Davey PG, MacDonald TM:
Cardiovascular prophylaxis with aspirin: costs of supply and
management of upper gastrointestinal and renal toxicity. Br J Clin
Pharmacol 2004, 57:188-198.
52. Aronson D, Suleiman M, Agmon Y, Suleiman A, Blich M, Kapeliovich M,
Beyar R, Markiewicz W, Hammerman H: Changes in haemoglobin levels
during hospital course and long-term outcome after acute myocardial
infarction. Eur Heart J 2007, 28:1289-1296.
53. Pocock SJ, Ashby D, Shaper AG, Walker M, Broughton PM: Diurnal
variations in serum biochemical and haematological measurements. J
Clin Pathol 1989, 42:172-179.
54. Jones AR, Twedt D, Swaim W, Gottfried E: Diurnal change of blood count
analytes in normal subjects. Am J Clin Pathol 1996, 106:723-727.
55. Derry S, Loke YK, Aronson JK: Incomplete evidence: the inadequacy of
databases in tracing published adverse drug reactions in clinical trials.
BMC Med Res Methodol 2001, 1:7.
56. Nilsson-Ehle H, Jagenburg R, Landahl S, Svanborg A: Blood haemoglobin
declines in the elderly: implications for reference intervals from age 70
to 88. Eur J Haematol 2000, 65:297-305.
57. Ershler WB, Sheng S, McKelvey J, Artz AS, Denduluri N, Tecson J, Taub DD,
Brant LJ, Ferrucci L, Longo DL: Serum erythropoietin and aging: a
longitudinal analysis. J Am Geriatr Soc 2005, 53:1360-1365.
58. Beutler E, Waalen J: The definition of anemia: what is the lower limit of
normal of the blood hemoglobin concentration? Blood 2006,
107:1747-1750.
59. Patel KV: Variability and heritability of hemoglobin concentration: an
opportunity to improve understanding of anemia in older adults.
Haematologica 2008, 93:1281-1283.
60. Carmel R: Nutritional anemias and the elderly. Semin Hematol 2008,
45:225-234.
61. Makipour S, Kanapuru B, Ershler WB: Unexplained anemia in the elderly.
Semin Hematol 2008, 45:250-254.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2318/10/71/prepub
doi:10.1186/1471-2318-10-71
Cite this article as: Gaskell et al.: Is there an association between low
dose aspirin and anemia (without overt bleeding)?: narrative review.
BMC Geriatrics 2010 10:71.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Gaskell et al. BMC Geriatrics 2010, 10:71
http://www.biomedcentral.com/1471-2318/10/71
Page 7 of 7